Hyperthyroidism is associated with increased risk of cardiovascular conditions. We report a case of a 50-year-old woman with no prior cardiac history who presented to the emergency department with shortness of breath, chest pain, lower extremity swelling, and generalized fatigue. She was found to have Graves' Disease (GD) and extensive coronary artery disease (CAD), suggesting the possibility of increased risk of de novo CAD in patients with GD in the absence of other risk factors. 
Case report
A 50-year-old woman with past medical history of sciatica and seasonal allergies who presented to the emergency department with shortness of breath, chest pain, lower extremity swelling, and generalized fatigue.
Two weeks prior to this presentation, she noticed bilateral ankle swelling after a 2-hour road trip. Over the course of the following days, the swelling worsened and continued to ascend up her legs. A week after the onset leg swelling, she developed a nonradiating midsternal chest tightness and shortness of breath which was resolved with resting. The symptoms were associated with mild nausea but no vomiting. She presented to another hospital for workup including serial troponins, EKG and lower extremity doppler studies, all of which were unremarkable. Transthorathic echocardiogram (TTE) was performed which showed an Ejection Fraction (EF) of 65% with no significant valvular abnormalities or regional wall motion variations. She was discharged on oral furosemide to follow up with her primary care physician.
She visited her primary doctor a few days later and he continued her furosemide with the addition of metoprolol. Over the subsequent (10 days) her symptoms did not improve which prompted her to present to our hospital. During that time, she had also developed a non-productive cough for 2 days. She denied any other symptoms including trouble swallowing, fever, chills, cold symptoms, congestion, nausea, vomiting, diarrhea, constipation, abdominal pain. Upon further questioning, she recalled feeling fatigued for the past five months but denied weight loss, hyperactivity, nervousness, irritability, insomnia, impaired concentration, or tremor. Family history is significant for diabetes in her mother and high blood pressure in her father. There was no family history of heart disease or sudden death in her family.
Her vital signs on arrival showed regular tachycardia (heart rate of 123 beats/minute), temperature of 97.0 degrees of Fahrenheit, blood pressure of 124/70, respiratory rate of 18/minute and Oxygen saturation of 92% on room air. On physical exam, she was wellnourished and did not appear to be in distress. Head and neck were unremarkable. No evidence of exophthalmia was present. Thyroid exam revealed a normal size with no palpable nodules, bruits, or tenderness. Lung exam was remarkable for decreased breath sounds at the bases with fine crackles at the lower and middle lobes on both sides. A regular tachycardic rate was auscultated with no murmurs or gallops. Abdomen was soft with mild suprapubic tenderness. Bowel sounds were within normal limits in all quadrants. Lower extremity exam showed a 2 + bilateral pitting edema which was not tender to touch. Skin exam was normal with no rash or lesions. Neurological exam did not reveal hyperreflexia, muscle wasting, or myopathy.
EKG showed sinus tachycardia. Chest Xray showed diffuse bilateral bronchial wall thickening, pulmonary vascular congestion, and trace pleural effusions on both sides.
Initial Troponin was 0.078 ng/ml and D-dimer at 1,709 ng/ml. Hemoglobin was 9.9 mg/dL with an MCV of 90.3. Triglycerides were 41 mg/dL and total cholesterol was 118 mg/dL with HDL of 97 mg/dL and LDL of 13 mg/dL. The rest of her labs were within normal limits. Due to elevated D-dimer, a CT angiogram of chest was obtained which did not show any pulmonary embolism but showed diffuse smooth thickening of the pulmonary interlobular septa suggesting interstitial edema with small bilateral (right greater than left) pleural effusions with adjacent atelectasis. CT also showed evidence of pulmonary hypertension and enlarged heterogeneous, nodular thyroid gland.
Thyroid function test were subsequently ordered which showed TSH (Thyroid Stimulating Hormone) of < 0.00 m[iU]/mL, total T4 of 23.4 ug/dL, and free T4 of 4.69 ng/dL. Total T3 was 433 ng/dL and free T3 was 1,556 pg/dL. TSI (Thyroid Stimulating Immunoglobulin) was 610%. Thyroid ultrasound showed diffuse increased vascularity throughout the heterogenous thyroid gland (Figures 1 & 2) . She was started on propranolol 20 mg 3 times a day and methimazole 5 mg 3 times a day and her symptoms as well her heart rate improved.
Overnight, subsequent serial troponins continued to increase to 0.397 ng/ml and then to 2.810 ng/ml, from which point it trended down. She did not have any more chest pain and there were no remarkable changes on repeat serial EKGs except for improving heart rate. A repeat TTE was obtained which demonstrated a moderately reduced systolic function with an estimated EF of 35%. There was severe hypokinesis of the apical wall(s) with milder diffuse hypokinesis of remaining segments. Patient was started on heparin drip and cardiology service was consulted. Patient subsequently underwent a cardiac catheterization which showed a discrete 70% stenosis in the left main coronary vessel with minor luminal irregularities in other areas. She was ultimately taken to the operating room for a LIMA (Left Internal Mammary Artery) to LAD (Left Anterior Descending) artery bypass surgery. She was stable postoperatively and was discharged home after 5 days. She is currently in good health; her symptoms have significantly improved and is being closely followed up by endocrinology and cardiology specialists.
Discussion
Hyperthyroidism is defined as an excessive concentration of thyroid hormones from increased synthesis, excessive release, or an extrathyroid source [1] . In the USA, the overall prevalence of hyperthyroidism is 1.2% [2] . Worldwide, hyperthyroidism is known to affect as many as 0.4/1000 women and 0.1/1000 men [3] . Graves disease is the most common pathophysiological process known to drive hyperthyroidism, with toxic nodular goiter second [4] . Other causes include iodine or drug induced, factitious ingestion, and thyroiditis.
Classic symptoms of overt hyperthyroidism include heat intolerance, palpitations, weight loss, dyspnea, tremor, anxiety, fatigue, and irregular menses in women. Stare and lid lag are also known to occur in hyperthyroidism, possibly mediated by increased alpha-adrenergic receptors in peri-ocular tissue [5] . Subclinical hyperthyroidism presents much more vaguely with nonspecific complaints, if any at all. Symptoms are more prevalent in younger populations, with a paucity of clinical symptomatology making diagnosis challenging in the elderly [6] .
The diagnosis of thyroid disease is confirmed by laboratory evaluation in concert with clinical picture. In patients with clinical symptomatology of hyperthyroidism, the TSH is the best first test. If a low TSH is obtained, a free T3 and T4 is warranted. Other metabolic labs can be abnormal further highlighting a diagnosis of hyperthyroidism. Low serum total HDL, low total cholesterol/HDL ratio, hyperglycemia, and low cortisol have all been reported in hyperthyroid patients [7] [8] [9] . Once hyperthyroidism has been established, the cause can be further investigated with thyrotropin receptor antibody testing and radioactive iodine uptake scans.
Treatment is based on a combination of symptomatic and pathologic control. Beta blockers are usually started first for symptom management, helping to improve the adrenergic driven palpitations, tachycardia, anxiety and temperature dysregulation. Thionamides are first line medications to achieve euthyroidism; methimazole and propylthiouracil remain as the most popular choices in this class. Of note, methimazole is teratogenic and as such, PTU should be used exclusively in the first trimester of pregnancy. Failure of medical therapy warrants escalation to radioiodine ablation, and as a last resort, surgical thyroidectomy.
Clinically, hyperthyroidism is associated with increased cardiovascular risk, with up to a 65% increased risk of cardiovascular events [10] . In a study by Dekkers et al, atrial fibrillation (HR 7.32), arterial embolism (HR 6.08) were both dramatically increased in hyperthyroid patients [11] . Isolated right heart failure has also been seen in hyperthyroid patients, likely resulting from the increased circulatory dynamics adding functional stress on the tricuspid valve [12] .
Molecular mechanisms drive the cardiovascular risk in hyperthyroidism. Upregulation of alpha myosin heavy chains and inhibition of SERCA can lead to increased myocardial contraction [13] . Prolongation of sodium channel activation, decreased L-type Calcium channels, and upregulation of beta-adrenergic receptors can also influence myocardial contraction [14] . The results of these molecular changes lead to increased stroke volume (from increased preload) and increased heart rate due to increased sympathetic tone. Altogether, these molecular processes can lead to cardiovascular compromise, including sinus tachycardia, atrial fibrillation, tachyarrhythmia, and thyrotoxic cardiomegaly [14] .
The link between coronary artery disease and hyperthyroidism is underreported. A study in 2012 by Collet et al reports that subclinical hyperthyroidism was associated with increased CAD mortality (HR 1.29), CAD events (HR 1.21), with risks unaffected by age, sex or preexisting cardiovascular disease [15] . The mechanism behind this increased risk may be increased factor X activity [16] . Additionally, a study by Beyer et al demonstrated increased high grade and overall stenosis in patients with hyperthyroidism and subclinical hyperthyroidism [17] . In concert with increased coronary calcium score, patients also demonstrated increased non-calcified and lipid rich plaques [17] .
To our knowledge, we report the first case of an acute episode of coronary artery disease co-occurring with hyperthyroidism. Although the risks of such events are reported, no defining case has been established. Although our patient has limited historical context as to how long the coronary artery disease or the hyperthyroidism had been present; nonetheless, the co-occurrence of the two symptomatology is worth noting given the mechanistic and pathophysiologic ties. Given the acuity of our patient's presentation, we treated both the CAD (surgically) as well as the hyperthyroidism (medically). In cases where less invasive cardiac care is warranted, it is unclear whether treating the hyperthyroid state will reduce the cardiac pathologic burden. The European Thyroid Association guidelines assert a TSH level of < 0.10 mU/L in elderly patients as treatable to decrease cardiovascular risk; however, robust studies of such recommendations have yet to be completed [18] . Future studies about medical intervention of these two common overlapping clinical entities are merited to guide future care.
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